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© A plasma display panel which uses a perforated 
metal plate having a thickness of 0.01 to 1.0 mm as 
a spacer and/or a discharge partitioning wail, and 



which further has an insulating layer that electrically 
insulates the metal plate from discharge electrodes. 
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[Technical Field] 

The present invention relates to a plasma dis- 
play panel which uses a porous metal plate as a 
diaphragm or a 

[Background Art] 

In the modern plasma display panels 
(hereinafter referred to as PDPs), those of the type 
in which two pieces of substrates are laminated 
one upon the other maintaining a suitable gap, the 
periphery thereof is sealed with a glass to con- 
stitute a housing and a gas is filled therein, are 
forming a mainstream to make the panel flat. Of 
the two pieces of substrates, the front plate must 
be composed of a glass plate and the other back 
plate is also composed of a glass plate of the same 
kind since it is inexpensive. Therefore, the following 
description deals with the PDP of this type. 

In producing the PDPs, the air is exhausted 
prior to filling a gas causing the pressure differen- 
tial to become the greatest between the inside and 
the outside of the housing. Due to this pressure 
differential, the two pieces of glass substrates un- 
dergo a deformation. The deformation further in- 
creases due to the heating that is effected to 
release the gas that is adsorbed in the housing. In 
order to suppress the deformation to a negligible 
degree, the thickness of the glass plates must be 
increased or the size of the panel must be de- 
creased. Such a limitation can be removed if spac- 
ers are provided between the two pieces of glass 
plates; i.e., spacers are indispensable for large 
display panels. 

In the PDPs in which a plurality of discharge 
cells are arranged, furthermore, diaphragms or 
spacers are usually necessary to maintain a suit- 
able gap for electric discharge or to prevent cros- 
stalk relative to the neighboring cells irrespective of 
the type of electric discharge such as the AC type 
or the DC type. 

Here, the arrangement of discharge cells in the 
PDP is determined depending upon the object of 
its use, and examples include a figure-eight display 
consisting of seven segments, a character display 
consisting of 5 x 7 dots, a full-dot display consist- 
ing of 640 x 480 dots, and the like. 

Figs. 1 to 5 illustrate arrangements of dis- 
charge cells in the PDPs, and wherein reference 
numeral 1 denotes a front glass plate, 3 denotes a 
diaphragm, 5 denotes a back glass plate, 6 de- 
notes positive electrodes, and reference numeral 7 
denotes negative electrodes. As shown in these 
drawings, there are used diaphragms and spacers 
(hereinafter often referred to simply as diaphragms) 
having a variety of shapes and ceil holes of a 
variety of arrangements. The diaphragm can be 



prepared by the same method for any arrangement 
of cells, and a variety of methods have heretofore 
been attempted such as: 

Method A: Thick-film method (multi-layer 
5 printing by screen printing), 

Method B: Etching of photosensitive sheet 
glass, and 

Method C: Machining of sheet glass. 
Among them, the method A is excellent in 

70 regard to economy and mass-produceability but 
has a defect in that a gap large enough for electric 
discharge is not obtained unless the printing is 
repeated many times. In the full-dot display PDP, 
in particular, making the dot pitch very fine (e.g., 

15 0.2 mm of dot pitch) is very important but cannot 
be accomplished by the screen-printing method. A 
fine dot pitch was ever accomplished in the shape 
of stripes as shown in Fig. 2 (Y. Amano: SID Int. 
Symp. Dig. Tech. Paper, p. 160, 1982). which, 

20 however, cannot be applied to diaphragms that 
completely surround the discharge cells as shown 
in Figs. 1 and 4, and is not practicable since it 
requires a very high degree of technology. 

There is a great difference in a following sense 

25 between the case where the discharge cells are 
completely surrounded by the diaphragm 
(hereinafter referred to as the completely closed 
diaphragm) as described above and the case 
where the diaphragm does not exist relative to the 

30 neighboring cells even in one direction (hereinafter 
referred to as incompletely closed diaphragm) like 
that of the shape of stripes. 

For instance, when a luminous color of a rare 
gas itself is to be utilized such as a PDP of an 

35 orange luminous color by the electric discharge of 
a neon gas, even the incompletely closed dia- 
phragm can be put into practical use since the 
emission of light is limited to the proximity of 
electrodes of the selected cell. As the gap among 

40 the light-emitting cells becomes small, however, 
the electric discharge tends to take place among 
the neighboring cells. In the case of a multi-color or 
a full-color PDP, furthermore, the light is emitted by 
exciting the fluorescent material using ultraviolet 

45 rays produced by the electric discharge. When the 
incompletely closed diaphragm is used, therefore, 
the ultraviolet rays leak causing the fluorescent 
material of the neighboring cells to be excited and 
resulting in the emission of light. That is, the cros- 

50 stalk or the color blurring develops inevitably to 
impair the color reproduceability and resolution, 
and the display panel loses its value. In regard to 
these points, therefore, the method A is not suited 
for preparing a highly fine and completely closed 

55 diaphragm, and is not practicable for realizing the 
color PDP. 

It can be considered that the method B makes 
it relatively easy to accomplish the display panel 
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maintaining high accuracy using, however, a very 
special photosensitive glass giving disadvantage in 
cost and economy. Moreover, fabricating a glass 
sheet which is as thin as 0.1 to 0.5 mm is not 
practicable since the glass becomes brittle. 

In the case of the method C, difficulty is in- 
volved in machining highly fine cell pitches and 
difficulty is involved, too, in the assembling opera- 
tion, though there can be used a general glass. 

So far, therefore, there has not yet been pro- 
vided a diaphragm or a spacer that can meet the 
production of PDPs maintaining high accuracy, that 
can maintain a suitable space for electric dis- 
charge, and that can be mass-produced relatively 
cheaply. 

The present invention was achieved in view of 
the above-mentioned problems inherent in the prior 
art, and its object is to provide a PDP which 
satisfies the demand for high accuracy and which 
is excellent in economy and mass-produceability. 

[Disclosure of the invention] 

The above-mentioned object of the present in- 
vention is achieved by using a porous metal plate 
as a diaphragm or a spacer, and by providing an 
insulating layer between said porous metal plate 
and the electrodes. 

According to the PDP of the present invention, 
a porous metal plate having a thickness of 0.01 to 
1.0 mm is used as a diaphragm or a spacer, and 
provision is made of an insulating layer to elec- 
trically insulate the porous metal plate from the 
discharge electrodes on a front plate and/or a back 
plate. 

[Brief Description of the Drawings] 

Fig. 1 shows a PDP using a lattice type dia- 
phragm in an X-Y matrix arrangement; 
Fig. 2 shows a PDP using a stripe type dia- 
phragm in the X-Y matrix arrangement; 
Fig. 3 shows a PDP using a circular diaphragm 
in the X-Y matrix arrangement; 
Fig. 4 shows a PDP using a heragonal type 
diaphragm of a delta arrangement; 
Fig. 5 shows a PDP using a diaphragm of the 
seven-segment type; 

Fig. 6 is a diagram showing parts for constitut- 
ing a PDP of the DC type according to an 
embodiment of the present invention under the 
condition where the parts are being assembled; 
Fig. 7 is a diagram showing parts for constitut- 
ing the PDP of the DC type according to another 
embodiment of the present invention under the 
condition where the parts are being assembled; 
Fig. 8 is a plan view after the PDP is assembled; 
Fig. 9 is a vertical section view of the case when 



a cellular space is cut by the A-A' cross section 
of Fig. 8; 

Fig. 10 is a vertical section view of the case 
when the diaphragm is cut by the A-A* cross 

5 section of Fig. 8; 

Fig. 11 is a diagram showing parts for constitut- 
ing the PDP of the DC type according to a 
further embodiment of the present invention un- 
der the condition where the parts are being 

to assembled; 

Fig. 12 is a section view showing the structure 
of a cell of the PDP of Fig. 1 1; 
Fig. 1 3 is a diagram showing members for con- 
stituting the PDP of the DC type according to a 

75 still further embodiment of the present invention 
under the condition where the members are 
being assembled; and 

Fig. 14 is a section view of the cells along the 
direction of positive electrodes of the PDP of 
20 Fig. 13. 

[Best Mode for Carrying Out the Invention] 

Fig. 6 is a diagram showing parts for constitut- 

25 ing the PDP of the DC type according to an em- 
bodiment of the present invention under the con- 
dition where the parts are being assembled. 

In Fig. 6, positive electrodes 6 are provided on 
a front glass plate 1 and negative electrodes 7 are 

30 provided on a back glass plate 5. Furthermore, a 
lattice type diaphragm 4 consisting of a porous 
metal plate is arranged between the front glass 
plate 1 and the back glass plate 5, and insulating 
layers 2 are positioned among the front glass plate 

35 1, the back glass plate 5 and the lattice type 
diaphragm 4 in order to electrically insulate the 
lattice type diaphragm 4 from the positive elec- 
trodes 6 and the negative electrodes 7. 

Fig. 7 shows parts for constituting the PDP of 

40 the DC type according to another embodiment of 
the present invention under the condition where the 
parts are being assembled, Fig. 8 is a plan view 
after the parts are assembled. Fig. 9 is a vertical 
section view of when a cellular space is cut along 

45 the A-A' cross section of Fig. 8, and Fig. 10 is a 
vertical section view of the case when the dia- 
phragm is cut along the A-A' cross section of Fig. 
8. In Figs. 7 to 10, reference numerals denote the 
same portions as those of Fig. 6. Here, however, 

so the lattice type diaphragm 4 consisting of a porous 
metal has a dielectric layer that is deposited there- 
on to form an insulating layer. Reference numeral 8 
denotes spacers, and 9 denotes a sealing glass. 
In the present invention, the porous metal plate 

55 that serves as a diaphragm or a spacer is com- 
posed of an alloy that contains at least one kind of 
element selected from iron, cobalt, nickel or chro- 
mium, and should preferably have a coefficient of 
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linear thermal expansion of 40 to 100 x 10~~ 7 / ? C 
(at 25° to 500° C). The metal plate that is used has 
a thickness of 0.01 to 1.0 mm, and preferably 0.05 
to 0.1 mm. 

Here, the periphery of the diaphragm or the 
space that is sandwiched by two sheets of glass 
plates is sealed with a glass to fill a gas therein. 
Therefore, the diaphragm (spacer), two sheets of 
glass plates, and the sealing glass must have co- 
efficients of linear thermal expansion which are 
nearly equal or close to each other. Otherwise, the 
glass may be broken due to an excess stress when 
cooled after the sealing. 

When the two pieces of glass plates are com- 
posed of a soft glass, in general, the metal plate 
should desirably have a coefficient of linear thermal 
expansion of 80 to 100 x 10"~ 7 / a C (at 25° to 
500 * C) to meet therewith. Examples of the metal 
materials that are adapted thereto may include a 
42wt%Ni - 6wt%Cr - Fe alloy, 50wt%Ni - Fe alloy, 
and the like alloys. When the glass plates are 
composed of a hard glass, the metal plate should 
desirably have a coefficient of linear thermal ex- 
pansion of 40 to 60 x 10 _7 /°C (at 25° to 500 ° C) 
to meet therewith. An example of the metal ma- 
terial that is adapted thereto may be a 20wt%Ni - 
17wt%Co - Fe alloy. When there is used a glass 
material having a coefficient of linear thermal ex- 
pansion that is different from the above-mentioned 
values, the material of the diaphragm should be 
selected to meet therewith. 

In selecting the metal material composition, 
consideration is given to the price, workability and 
mechanical properties in addition to the coefficient 
of linear thermal expansion. Here, however, what is 
important, too, is the heat resistance in the step of 
sealing. Usually, the step of sealing is carried out 
at 400° to 500 ° C, and the alloys mentioned above 
are sufficiently usable at this temperature. The step 
of sealing can be simply carried out in an open 
atmosphere. In this case, though the resistance of 
the metal material against the oxidation becomes a 
problem, the above-mentioned alloys are sufficient- 
ly usable. Even when there remains a problem in 
regard to the resistance against the oxidation, the 
metal material can be used by making the sealing 
atmosphere nonoxidizing or by forming an 
oxidation-resistant film by the well-known metal 
surface treatment. 

A predetermined porous pattern is formed in 
the metal plate by, for example, punching using a 
press, laser machining, plating method, welding 
method, etching method or a like method. There 
should be used the most advantageous method by 
taking the machining distortion, machining preci- 
sion and machining cost into consideration. Gen- 
erally, however, the etching method is preferred. 
The metal plate may be perforated in any shape 



and arrangement, such as in a lattice type, stripe 
type, circular type, delta arrangement or seven- 
segment type as shown in Figs. 1 to 5. According 
to the present invention, however, the highly fine 
5 and completely closed diaphragms are preferred 
as shown in Figs. 1 and 4 and, in particular, the 
lattice type shown in Fig. 1 is preferred. 

In a highly fine panel having a dot pitch of 
smaller than 0.6 mm, the numerical aperture of the 

10 display cells becomes a problem since ineffective 
display portion increases due to the diaphragm. 
The highly fine panel usually uses the diaphragm 
having a height of 100 to 200 urn. In this range, 
there can be utilized the aforementioned realistic 

76 diaphragm-forming method, i.e., the thick-film print- 
ing method. When the height is smaller than 100 
mm, the effect of cathode sputtering becomes too 
great in the case of the DC type, and it further 
becomes difficult to uniformalize the discharge 

20 characteristics over a number of cells. To make the 
height greater than 200 ixm, the printing must be 
carried out an increased number of times resulting 
in an increase in the cost. The higher the dia- 
phragm, the more difficult to reduce the diaphragm 

25 width that affects the numerical aperture. When the 
diaphragm has a height of about 100 urn, the 
minimum width of the diaphragm that can be 
formed by the thick-film printing method is about 
80 urn in the case of the stripe type and about 150 

30 am in the case of the lattice type. In the com- 
pletely closed diaphragm using the porous metal 
plate of the present invention, a minimum dia- 
phragm width of about 20 u.m is accomplished 
when the thickness is about 50 urn and a minimum 

35 diaphragm width of about 30 um is accomplished 
when the thickness is about 1 00 um by the etching 
method. Therefore, when compared using the com- 
pletely closed diaphragm having a height of 100 
Jim and a square lattice with 0.6 mm of pitch, the 

40 numerical aperture becomes about 56% in the 
case of the thick-film printing method and about 
90% in the case of a piece of porous metal plate, 
creating a difference of about 1 .6 times in numeri- 
cal aperture. This difference further increases with 

45 a decrease in the dot pitch. The diaphragm having 
a further increased numerical aperture can be 
formed if thin porous metal plates are used in 
combination. 

The present invention makes use of the porous 

50 metal plate that is formed in a desired shape as a 
diaphragm. In this case, furthermore, the discharge 
electrodes have been arranged on the front plate 
and/or the back plate, and there will be no problem 
when the electrodes are covered by a dielectric 

55 member as in the PDP of the AC type. When the 
electrodes are exposed to the discharge space as 
in the PDP of the DC type, however, the porous 
metal plate (diaphragm) that is sandwiched and 
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sealed between the front plate and the back plate 
comes in electric contact with the electrodes. 

That is, electric short-circuiting takes place 
among the positive electrodes, among the negative 
electrodes, and among the positive and negative 
electrodes in the PDP, and no electric discharge 
takes place to emit light. According to the present 
invention, therefore, the above-mentioned problem 
is solved by providing an insulating layer between 
the porous metal plate (diaphragm) and the dis- 
charge electrodes. 

The insulating layer may be formed on the 
electrodes on the front plate and on the back plate, 
or may be formed on the surfaces of the porous 
metal plate (diaphragm) that come in contact with 
the electrodes, or may be formed on both of them. 
Moreover, the porous metal plate may be provided 
with an insulating layer. 

The insulating layer is deposited by a variety of 
technologies such as spray method, printing meth- 
od, electrostatic coating method, dipping method, 
anodic oxidation method, heat oxidation method, 
sputtering method, melt-injection method and elec- 
trodeposition method, and any one of them can be 
selected by taking the cost, performance and the 
like into consideration. The following two methods 
are preferred. 

That is, the first method is the electrodeposi- 
tion method by which nearly the whole surface of 
the porous metal plate is coated with a dielectric 
material to form an insulating layer. The elec- 
trodeposition method is achieved by using the po- 
rous metal plate as an electrode, by dispersing a 
glass and a dielectric powder including the glass in 
a solution that contains an electrolyte, and by ap- 
plying an electric field thereto. The particle size 
should desirably be form 0.1 to 5 urn though it 
may differ depending upon the insulting layer that 
is required. The dispersion solution may be an 
isopropyl alcohol and the electrolyte may be Afe- 
(NOa)3, Ba(N03>2. which, however, can be selected 
from many widely known ones. The powder that is 
electodeposited is heated to melt the glass, and 
whereby the insulating layer is intimately adhered 
nearly on the whole surface of the porous metal 
plate. The insulating layer that is too thick is not 
desirable from the standpoint of reducing the space 
of the discharge cell. Usually, the insulating layer 
should have a thickness of from 1 to 10 urn. The 
porous metal plate that is provided with the insulat- 
ing layer over nearly the whole surface thereof 
maintains electric insulation relative to the dis- 
charge electrodes and further offers the following 
advantage. If the diaphragm is constituted by the 
dielectric material alone, the electrically conductive 
material that is sputtered by the electric discharge 
is deposited on the dielectric material in such small 
amounts that there arises no problem of short- 



circuiting among the electrodes. There, however, 
exists an increased probability of short-circuiting if 
the porous metal plate is used as a diaphragm as 
in the present invention and if the distance of 
s insulation is short between the electrodes and the 
porous metal plate. According to the above-men- 
tioned electrodeposition method, however, the dia- 
phragm can be constituted in the same manner as 
the conventional one which is made of a dielectric 
w eliminating the probability of short-circuiting. 

The second method consists of transferring the 
insulating layer onto the surface of the porous 
metal plate by usilizing the pressure or both the 
heat and the pressure. This method has been wide- 
75 ly known and a variety of materials can be used 
therein as described below. The substrate that can 
be peeled off is composed of a polyester film on 
which a silicone film is formed, and a pressure- 
sensitive ink or a heat- and pressure-sensitive ink 
20 is composed of kneading a vehicle obtained by 
dissolving an acrylic resin in a solvent such as 
butylcarbitol acetate together with a glass and a 
dielectric powder that contains the glass. The par- 
ticle size should range from 0.1 to 5 um. The ink is 
25 screen-printed on the substrate that can be peeled 
off to form an insulating layer which is then dried. 
The porous metal plate is placed on the film, the 
pressure is exerted upon them at ordinary tem- 
perature or under a heated condition, the insulating 
30 layer is adhered as a surface pattern onto the 
porous metal plate, and the substrate is peeled off 
thereby to transfer the insulating layer. The insulat- 
ing layer is transferred onto one surface or both 
surfaces of the porous metal plate. The insulating 
35 layer that is transferred is then heated to melt the 
glass and is thus firmly adhered to the porous 
metal plate. If the firm adhesion is effected with the 
panel being in contact with the glass substrate, 
then the diaphragm can, at the same time, be 
40 firmly adhered onto the glass substrate. 

The above-mentioned transfer method gives a 
great advantage for the highly fine panels and, 
particularly, for those panels having small dia- 
phragm widths. When the insulating layer is pro- 
45 vided even on the side surfaces of the diaphragm 
as in the first method, it is allowed to reduce the 
area of the discharge cell even if the insulating 
layer has a reduced thickness. When the insulating 
layer is provided on the surface only of the porous 
so metal plate, it becomes difficult to print a highly 
fine pattern, the size tends to be easily deviated, 
and the ink spreads onto the side surfaces of the 
diaphragm due to blurring of ink, provided the 
screen-printing method or a like method is used 
55 instead of the transfer method. The difficulty can 
be understood if a highly fine panel is presumed 
having a diaphragm width of smaller than 100 nm 
and a cell pitch of smaller than 200 urn. 
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When a metal that serves as the diaphragm is 
exposed in the space of discharge as in the sec- 
ond method, there may arise a problem on the 
discharge electrodes. In the PDP of the DC type as 
is well known, however, the voltage drops greatly 
only in the vicinities of the negative electrodes. The 
present inventors therefore have found through ex- 
periments that the discharge panel operates suffi- 
ciently if vicinities only of the discharge electrodes 
are. insulated despite there exist electrically con- 
ductive portions. It was found through experiments 
that there exists no problem if the distance of 
insulation between the electrodes and the dia- 
phragm metal is several urn or is about 10 urn just 
to maintain safety. Therefore, the insulating layer 
should have a thickness so as to obtain such a 
distance. 

Thus, the insulating layer (dielectric layer) 
formed on the porous metal plate has a thickness 
of 1 to 100 urn. 

In the case of a panel consisting of a porous 
metal plate having parallel surfaces that constitute 
a completely closed diaphragm sandwiched by two 
pieces of glass plates, on the other hand, there 
arises a problem in regard to exhausting the gas 
prior to filling a discharge gas. The problem be- 
comes conspicuous particularly when the upper 
and lower four peripheral sides of each discharge 
cell are air-tightly adhered to the panel glass sub- 
strates by, for example, melt-adhering the glass. In 
this case, the adhesion must be effected; in the 
device which is filled with the gas and contrivance 
must be made to the device. Here, however, an 
ordinary device can be used if each cell has a gap 
that is communicated with a discharge hole. The 
present inventors have found through experiments 
that there arises no problem in filling the gas if the 
gap or the groove for diffusing the gas between the 
porous metal plate and the pane! glass is several 
um or is about 10 urn just to maintain safety. 

In many cases, such a gap is inevitably formed 
by ruggedness in forming an electrode film on the 
panel glass or in forming an insulating layer on the 
panel or on the porous metal plate, or by rugged- 
ness that results from the pattern. Furthermore, the 
grooves for diffusing the gases can be reliably 
formed by any one of the following methods or by 
a combination of the following methods. First, the 
thickness of the electrode film is increased by 
using the thick-film technology. Second, a dielectric 
having the shape of stripes is used as an insulating 
layer between the electrodes and the porous metal 
plate to impart a predetermined thickness. Third, 
grooves are formed in the surface of the porous 
metal plate. To form the grooves, it is desired to 
use the etching method that was described earlier 
in connection with forming the porous pattern and 
according to which the treatment can be effected at 



one time simultaneously with the formation of the 
porous pattern. 

Fig. 1 1 shows the parts constituting the PDP of 
the DC type under the condition where the parts 
5 are being assembled using the stripe type dielec- 
tric as in the aforementioned second method, and 
Fig. 12 is a section view showing the structure of a 
cell of the PDP. In Figs. 11 and 12, reference 
numerals denote the same members as those of 
io Fig. 6. Here, however, a dielectric layer is depos- 
ited on the lattice type diaphragm 4 which consists 
of a porous metal plate to form an insulating layer 
just like in Fig. 7. Reference numeral 10 denotes a 
stripe type dielectric, and 1 1 denotes a fluorescent 
15 material. The dielectric material used for the in- 
sulating layer consists of one or more of those 
selected from an organic material, crystalline in- 
organic material and glass. Generally, furthermore, 
a glass or a crystalline inorganic material contain- 
20 ing the glass is used. 

Concrete examples of the glass composition 
include PbO-B 2 03-Si0 2 , PbO-B 2 0 3 , ZnO-B 2 0 3 - 
Si0 2 , and the like. These glasses should have 
softening points of 350° to 1000*C and glass 
25 particle sizes of about 1 to 5 um. The glass used 
here is heated at a temperature (sealing tempera- 
ture) at which the sealing glass frit is softened and 
melted in the step of sealing the PDP, but should 
not be melted again at this temperature. Usually, 
30 the sealing temperature of the glass frit is higher 
by about 50 °C than the softening point thereof. 
Further, the sealing temperature of the PDP should 
be about 400° to 450 °C and, hence, the glass 
contained in the dielectric should have softening 
35 point which is higher than 350° C. 

Further, since the dielectric is formed on the 
surface of the porous metal plate, the upper limit of 
the softening point is so determined that the metal 
will not undergo deformation and that the metal and 
40 the dielectric will not undergo the chemical reaction 
in large amounts, and should desirably be lower 
than 1000°C. 

Further, examples of the crystalline inorganic 
material include ceramics such as alumina (Al 2 0 3 ), 
45 forsterite (2MgO-Si0 2 ) and the like, as well as 
inorganic pigments (Fe0-Cr 2 O3, C0O-AI2O3, etc.). 
The crystalline inorganic materials should have par- 
ticle sizes of about 1 to 5 um. 

Furthermore, any organic material can be used 
50 provided it can finally turned into an inorganic 
material. 

In a general panel-sealing method (sealed with 
a sealing glass), the insulating layer must withstand 
the sealing temperature and must have a coeffi- 
55 cient of linear thermal expansion which is nearly 
the same as those of the two pieces of glass 
plates, sealing glass and diaphragm. From such 
points of view, the above-mentioned materials are 
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suitably selected. 

Furthermore, the porous metal plate that has 
electric conductivity can be used as an electrode. 
This electrode is electrically coupled among a 
number of cells and is not advantageous for being 
used as an electrode for selecting the display cells. 
In the PDP of the DC type, however, it has been 
proposed to employ auxiliary electric discharge 
(Japanese Patent Laid-Open Gazette No. 
115060/1979, Japanese Patent Laid-Open Gazette 
No. 30038/1983, journal of the Television Society, 
Vol. 40, No. 10, 1986, p. 953). Developing the 
auxiliary discharge over the whole cells simulta- 
neously is effective, and the above porous metal 
plate can be used as the electrode for the auxiliary 
discharge. 

Rg. 13 shows parts for constituting the PDP 
under the condition where the parts are being 
assembled using the porous metal plate as the 
auxiliary discharge electrode, and Fig. 14 is a sec- 
tion view of the cells along the direction of the 
positive electrode. In Figs. 13 and 14, reference 
numerals denote the same portions as those of Fig. 
6. Here, however, a dielectric layer is deposited on 
the lattice type diaphragm 4 which consists of a 
porous metal thereby to form an insulating layer 
just like in Fig. 7. Further, reference numeral 12 
denotes a third electrode (positive electrode), 13 
denotes a group of second electrodes (negative 
electrodes), and 14 denotes first electrodes (trigger 
electrodes). 

If necessary in this case, it is allowable to use 
a plurality of porous metal plates to form space for 
auxiliary discharge as shown in Figs. 13 and 14. 
For instance, if two pieces of porous metal plates 
having nearly the same porous pattern are over- 
lapped on the same position, and if one of them is 
used as an auxiliary discharge electrode while the 
other one is being used as a diaphragm for forming 
space for discharge, the display is not interrupted 
by the auxiliary discharge electrode. The same 
method as the one for forming the aforementioned 
insulating layer can be employed here if it is nec- 
essary to provide an insulation among the plurality 
of porous metal plates. The auxiliary discharge 
electrode can be used even under the condition 
where the metal is exposed as is widely known or 
where it is covered by a dielectric layer. Moreover, 
the positions are suitably designed to meet the 
electrode structure and shape of the panel. Use of 
the plurality of porous metal plates makes it possi- 
ble to increase the degree of freedom for designing 
the distance among the electrodes that are op- 
posed to each other, as well as to use thin metal 
plates provided the diaphragm has the same 
height. It is therefore allowed to form more fine cell 
pitches than when a piece of the porous metal 
plate is used. Or, if the cell pitch is the same, then 



there can be used the diaphragm having a small 
width, i.e., having a large numerical aperture. 

These are accomplished only in the case of the 
porous plate being easily workable because the 
5 plate is made of metal though it is thin. These 
advantages can be obtained even in the following 
case. 

That is, in the color PDP, ultraviolet rays are 
usually generated by the electric discharge to ex- 
io cite a fluorescent material and to emit light. The 
fluorescent material is usually deposited on the 
front glass plate or on the back glass plate. The 
brightness of the emitted light increases with an 
increase in the area of the fluorescent material that 
75 is deposited. It is therefore desired to deposite the 
fluorescent material even on the side surfaces of 
the diaphragm, i.e., even on the inner surfaces of 
holes of the porous metal plates. The same design 
has been proposed even for the diaphragm that is 
20 made of a conventional dielectric (Sakai: A Few 
Experiments of a Discharge Display Element and 
its Applications, Material 13-1 of the Academy of 
Image Display of the Television Society (March, 
1975) and Japanese Patent Laid-Open Gazzete No. 
25 38996/1976). It is difficult to handle the porous 
plate that uses glass and that has a large display 
area with the cell pitch of smaller than 0.6 mm. 
Moreover, high degree of technology is necessary 
to apply fluorescent materials of many colors onto 
30 the side surfaces of the diaphragm that is formed 
on the panel substrate by, for example, the thick- 
film printing method. The porous metal plate of the 
present invention can be easily handled making it 
possible to form a porous pattern maintaining high 
35 accuracy and, hence, to put the following method 
into practice. 

The fluorescent material is usually in a pow- 
dery form from which a thick-film ink can be pre- 
pared. The fluorescent material is printed onto the 
40 porous portions using the ink. However, the ink 
often fails to reach the innermost part of the holes 
or clogs the holes if it reaches the innermost part. 
Here, if the ink is sucked from the side of the holes 
opposite to the printed side, the fluorescent ma- 
45 terial is applied to the inner surfaces of the holes 
maintaining a thickness depending upon the vis- 
cosity of the ink, and an excess of the ink is 
drained out of the holes. This method makes it 
possible to separately apply fluorescent materials 
50 of many colors even onto the inner surfaces of 
holes of the porous metal plate that has a cell pitch 
of smaller than 0.3 mm. The diaphragm of the 
present invention is realized in the completely 
closed type and offers a larger fluorescent 
55 material-deposited area than that of the incom- 
pletely closed diaphragm. 

In forming a cell diaphragm that is used for the 
PDPs, the present invention uses a diaphragm 
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made of a porous metal plate that is different from 
the customarily used dielectric (glass or inorganic 
material containing glass) diaphragm. Therefore, 
the cell shape, size and pitch of arrangement are 
greatly dependent upon the working precision of 
the thin metal plate, and sufficient precision is 
offered for forming dot sizes and dot pitches re- 
quired by the PDPs of the AC type and the DC 
type . that give ordinary dot matrix display. More- 
over, the insulating layers electrically insulate the 
porous metal plate from the electrodes on the front 
plate r and on the back plate. 

As described above, the PDP of the present 
invention that uses a porous metal plate as the 
diaphragm and that has an insulating layer, is ca- 
pable of realizing a highly fine cell pitch maintain- 
ing excellent crosstalk characteristics. Moreover, no 
electric short-circuiting takes place among the posi- 
tive electrodes - negative electrodes. 

[Preferred Embodiments of the Invention] 

The invention will now be described in further 
detail by way of examples. 

Example 1 



, A 42wt%Ni - 6wt%Cr - Fe alloy having a coeffi- 
cient of linear thermal expansion of 92 x 10~ 7 /*C 
wasoused as a metal materia! composition for the 
porous metal plate that serves as a diaphragm. The 
metal plate possessed a thickness of 0.1 mm, the 
arrangement of perforation was of the lattice form 
with many square holes arranged in the vertical 
and lateral directions maintaining an equal pitch of 
0.2 mm, the size of the holes being 0.15 x 0.15 
mm, and the holes being perforated by etching to 
obtain a porous metal plate. 

As shown in Fig. 6, the PDP was equipped with 
a transparent and electrically conductive film (ITO) 
that serves as positive electrode on the front glass 
plate and nickel that serves as negative electrodes 
on the back glass plate. Furthermore, a dielectric 
layer of the form stripes was formed by screen- 
printing on the electrodes of the front glass plate 
and the back glass plate avoiding the display cell 
regions, thereby to form an insulating layer. 

Next, with the porous metal plate (diaphragm) 
being sandwiched between the front plate and the 
back plate, the periphery was sealed with a glass 
in order to form an X-Y matrix PDP of the DC type. 

Comparative Example 1 

The diaphragm of the DC-type PDP described 
in Example 1 was formed by the thick film-printing 
method. 

First, the diaphragm was prepared having a dot 
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pitch of 1,0 mm and perforated holes measuring 
0.8 x 0.8 mm. The diaphragm having a height of 
0.15 mm was formed by repeating the printing 
eight times. 

5 Next, it was attempted to form a diaphragm 

having a dot pitch of 0.2 mm and a perforated hole 
size of 0.15 x 0.15 mm maintaining the same 
accuracy as that of Example 1. Deviation of align- 
ment that could be almost neglected when the 

70 pitch was 1.0 mm was no more negligible, droop- 
ing of the printed paste was not negligible, the 
production was technically difficult, and the yield 
was very inferior to that of the Example 1. Even 
those that were favorably prepared did not exhibit 

15 sufficient numerical aperture of the cells because 
of the reasons described above. If an example is 
shown, the size of the perforated holes was 0.1 x 
0.1 mm for the pitch of 0.2 mm and the numerical 
aperture was 25%.. In the above-mentioned Exam- 

20 pie 1, the size of the perforated holes was 0.15 x 
0.15 mm and the numerical aperture was 56% 
offering distinguished advantage. 

Comparative Example 2 

25 ~ ~ 

The diaphragm of the DC-type PDP described 
in Example 1 was prepared by etching a photosen- 
sitive sheet glass. As mentioned earlier, however, 
this material is very expensive. Moreover, the sheet 

30 glass was so thin that it was very brittle and was 
inferior to that of the Example 1 even from the 
standpoint of assembling and workability. 

Comparative Example 3 

35 

The diaphragm of the DC-type PDP like that of 
Comparative Example 2 was prepared by perforat- 
ing a general soda lime glass or a like glass. When 
a number of holes were perforated by this method 

40 maintaining a pitch as highly fine as about 0.2 mm, 
however, the dimensional accuracy was consider- 
ably lower than that of Comparative Example 2. 
Considering from the brittleness of the thin sheet 
glass, furthermore, the diaphragm was inferior to 

45 that of Comparative Example 2 from the standpoint 
of workability and assembling, and was hence con- 
siderably inferior to that of Example 1. 

Comparative Example 4 

50 

The porous metal plate was used alone as a 
diaphragm without providing the insulating layer on 
the front glass plate and on the back glass plate. 
As a result, electrical short-circuiting took place 
55 among the positive electrodes - negative elec- 
trodes, the display panel did not turn on and often 
short-circuiting took place among the positive elec- 
trodes or among the negative electrodes causing 
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the non-selected cells to emit light Thus, the po- 
rous metal plate did not work as a diaphragm for 
the PDP. 

Example 2 

A dielectric was deposited on the lattice type 
porous metal plate that was used in Example 1 to 
form an insulating layer thereon. 

As a dielectric material, use was made of an 
inorganic filler such as a Zn0-B 2 03-SiO2 type 
glass powder, A! 2 0 3 , FeO*Cr 2 0 3 or the like having 
a softening point of 600° C and an average particle 
size of 2 to 3 ixm. The dielectric was elec- 
trodeposited in an electrodepositing solution using 
the lattice type porous metal plate as a negative 
electrode and using a metal plate made of the 
same material and having nearly the same area as 
a positive electrode being impressed with a voltage 
of DC 200 volts. 

The electrodeposited condition was very good 
and the electrodeposited layer exhibited very good 
strength. 

The above sample was fired at a temperature 
higher than 600° C which is the softening point of 
the glass powder to obtain a densely formed di- 
electric layer. Thus, there was obtained a desired 
lattice type porous metal plate on which the sur- 
faces were deposited the dielectric. 

Next, the DC-type PDP was prepared as de- 
scribed below using, as a diaphragm, the lattice 
type porous metal plate on which the surface has 
been deposited the dielectric. 

That is, as shown in Figs. 7 to 10, the lattice 
type porous metal plate whose surfaces have been 
covered with the dielectric was used as a dia- 
phragm 4, and a glass which is thicker than the 
diaphragm 4 by about 30 urn was used as the 
spacer 8. The diaphragm 4 and the spacer 8 were 
sandwiched between the front glass plate 1 and the 
back glass plate 5, and the periphery thereof was 
sealed with a glass 9 to form an X-Y matrix PDP of 
the DC type. 

The DC-type PDP was sealed well and there 
developed no problem such as breakage due to 
stress and strain. The spacer was located outside 
the display region of the PDP, a gas introduction 
space of about 30 urn always existed in the display 
region over the diaphragm, and the air could be 
exhausted and a gas could be filled reliably over 
the whole display region. 

Example 3 

The DC-type PDP was prepared as described 
below by using the lattice type porous metal plate 
on which the surface has been deposited the di- 
electric that was used in Example 2 and a stripe 



type dielectric. 

That is, using Photoinsulator (produced by To- 
kyo Ohka Kogyo Co., Ltd.), the stripe type dielec- 
tric was obtained by forming a dielectric layer 
s having a line width of 50 urn on the back glass 
plate maintaining a thickness of 30 nm and a pitch 
of 0.2 mm. 

Next, as shown in Figs. 11 and 12, the lattice 
type porous metal plate 4 on which has been 

w deposited the dielectric and the stripe type dielec- 
tric 10 were sandwiched between the front glass 
plate 1 and the back glass plate 5 so as to use 
them as a diaphragm, followed by the sealing with 
a low-melting glass frit. Then, the air therein was 

15 evacuated and a gas was filled therein through a 
chip tube which was then sealed and chipped off to 
prepare a PDP of the DC type. In the thus pre- 
pared DC type PDP as shown in Figs. 11 and 12, 
positive electrodes 6 are provided on the front 

20 glass plate 1 and a fluorescent material 11 is 
applied onto the inner surface of the front glass 
plate 1. Further, the back glass plate 5 is provided 
with negative electrodes 7. The positive electrodes 
6 and the negative electrodes 7 meet at right 

25 angles to form a dot matrix. Thus, there was ob- 
tained the DC-type PDP having a dot number of 
100 x 100. The gas having a composition He-Xe- 
(2%) was filled under 300 Torr. 

The thus obtained DC type PDP was excellent 

30 with respect to adaptability toward enhancing the 
accuracy, workability, uniformity in the discharge 
voltage characteristics, and crosstalk characteris- 
tics. 

35 Example 4 

The PDP of the DC type was prepared as 
described below using as a diaphragm the lattice 
type porous metal plate on which the surface has 
40 been deposited the dielectric that was used in 
Example 2. 

That is, as shown in Figs. 13 and 14, a thin 
aluminum film was formed into stripes maintaining 
a pitch of 0.2 mm a dielectric layer 2 was formed 

45 thereon by kneading a vehicle together with a 
powder consisting of a ZnO-B 2 Os-Si0 2 type glass 
powder and a small amount of AI2O3 to obtain a 
paste thereof, solid-printing the paste by the 
screen-printing method and firing it at 580° C. 

50 Then, second electrodes 13 were formed in a 
shape of stripes on the dielectric layer in a direc- 
tion to meet the first electrodes 14 at right angles, 
based on the screen printing method using a nickel 
paste maintaining a pitch of 0.2 mm and a line 

55 width of 0.1 mm and firing it at 580° C. 

The porous metal plate that serves as a third 
electrode 12 was made of a metal plate having the 
same material and the same shape as the sub- 
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strate metal consisting of the porous metal plate 
that served as the diaphragm 4. Here, the dia- 
phragm 4 consists of two pieces of porous metal 
plates. 

Next, the diaphragm 4 consisting of the thus 
obtained porous metal plates was placed on the 
back glass plate 5, sandwiched by the front glass 
plate 1 that has the third electrode 1 2, followed by 
the sealing with a low-melting glass frit. Then, the 
air therein was evacuated and a gas was filled 
through a chip tube which was then cut off to 
obtain a PDP of the DC type. The gas having a 
composition Ne-Ar(0.5%) was filled under 350 Torr. 
The thus obtained DC-type PDP was excellent with 
respect to sputter resistance of the negative elec- 
trodes, current density of the negative electrodes, 
discharge-maintaining voltage and workability 
(mass-produceability). 

Example 5 

A 42wt%Ni - 6wt%Cr - Fe alloy having a coeffi- 
cient of linear thermal expansion of 92 x 10" 7 /*C 
was used as the porous metal plate that served as 
the diaphragm. The metal plate possessed a thick- 
ness of 75 urn, the arrangement of perforation was 
of the lattice form with many square holes arranged 
in the vertical and lateral directions maintaining an 
equal pitch of 0.2 mm, the size of the holes being 
0.17 x 0.17 mm, and the number of holes being 
perforated by etching to obtain a porous metal 
plate (type A). Furthermore, another similar porous 
metal plate was prepared having a thickness of 75 
um, a cell pitch of 0.15 mm, and a hole size of 
0.12 x 0.12 mm (type B). 

As the dielectric material, use was made of an 
inorganic filler such as a ZnO - B2O3 - SiC>2 type 
glass powder. A^Os, Fe203 # Cr 2 0 3 or the like hav- 
ing a softening point of 800 °C and an average 
particle size of 2 to 3 um. An acrylic resin having 
adhesiveness under the application of heat and 
pressure was dissolved in an organic solvent such 
as BCA (butylcarbitol acetate) or pine oil to obtain 
a vehicle for transfer printing. The vehicle con- 
sisted of 5 to 20 parts by weight of a resin compo- 
nent and 80 to 95 parts by weight of a solvent 
component. Then, the glass powder and the in- 
organic filler were kneaded in an amount of 60 to 
80 parts by weight together with 20 to 40 parts by 
weight of the vehicle to obtain a paste for transfer 
printing. The paste was solid-printed by the screen- 
printing method on a polyester film that is a sub- 
strate that will be peeled off, and was dried to a 
sufficient degree at 90° C. The transfer sheet that 
was dried was press-adhered onto the porous met- 
al plate using a hot roller or a hot flat press. After 
the press-adhesion, the transfer sheet was peeled 
off, the porous metal plate on which the dielectric 



layer has been formed was fired in the open air at 
600 ° to 680 " C such that the dielectric layer be- 
came completely inorganic and dense, thereby to 
obtain an insulating layer on the surface^ of the 

5 porous metal plate. 

Next, the PDP of the DC type was prepared as 
described below using the above porous metal 
plate as the diaphragm. That is, as shown in Fig. 6, 
the porous metal plate was used as the diaphragm 

10 4 which was then sandwiched between the front 
glass plate 1 and the back glass plate 5 on which 
the electrodes have been formed, and the periph- 
ery thereof was sealed with a glass in order to form 
an X-Y matrix PDP of the DC type. 

75 The DC type PDP was sealed well and there 

developed no problem such as breakage due to 
stress and strain. 

The DC type PDP exhibited good results with- 
out decreasing the numerical aperture irrespective 

20 of either the type A or the type B having dissimilar 
cell pitch was used. 

Claims 

25 1. A plasma display panel comprising a porous 
metal plate having a thickness of. 0.01 to 1 .0 
mm used as a spacer and/or a discharge dia- 
phragm, and an insulating layer that electrically 
Insulates said porous metal plate from the dis- 

30 charge electrodes. 

2. A plasma display panel according to claim 1, 
wherein a minimum pitch of display dots is 
smaller than 0.6 mm. 

35 

3. A plasma display panel according to claims 1 
and 2, wherein an insulating layer is deposited 
on said porous metal plate. 

40 4. A plasma display panel according to any one 
of claims 1 to 3, wherein said porous metal 
plate is provided with grooves for diffusing the 
gas. 

45 5. A plasma display panel according to any one 
of claims 1 to 4, wherein said porous metal 
plate is used as part of the discharge elec- 
trodes. 

50 6. A plasma display panel according to any one 
of claims 1 to 5, wherein a plurality of said 
porous metal plates are used. 

7. A plasma display panel according to any one 
55 of claims 1 to 6, wherein a fluorescent material 

is deposited on the inner surfaces of holes of 
said porous metal plate. 
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8. A plasma display panel according to any one 
of claims 1 to 7, wherein said porous metal 
plate is composed of an alloy that contains at 
least one element selected from iron, cobalt, 
nickel and chromium, and has a coefficient of 5 
linear thermal expansion of 40 to 100 x 
10- 7 /°C (at 25* to 500 °C). 

9. A plasma display panel according to any one 

of claims 1 to 8, wherein said insulating layer 10 
is composed of a glass or a dielectric material 
containing the glass having a softening point of 
350* to 1000° C. 

10. A porous metal plate that is used as a dia- 75 
phragm or a spacer for the plasma display, the 
surfaces of which being covered with a dielec- 
tric layer having a thickness of 1 to 100 urn 

that serves as an insulating layer. 

20 

11. A method of producing a plasma display panel 
that uses a porous metal plate having a thick- 
ness of 0.01 to 1.0 mm as a spacer and/or a 
discharge diaphragm, wherein a dielectric pow- 
der containing a glass is electrodeposited on 25 
the porous metal plate in a solution in which 

are suspended the glass and said dielectric 
powder containing the glass using said porous 
metal plate as an electrode, followed by heat- 
ing to melt the glass, so that an insulating 30 
layer is firmly adhered onto the porous metal 
plate. 

12. A method of producing a plasma display panel 
wherein a glass and a dielectric powder con- 35 
taining the glass are applied onto a substrate 

that can be peeled to form a film thereof, said 
dielectric film and one surface or both surfaces 
of a porous metal plate are pressed under the 
stacked condition at room temperature or be- 40 
ing heated, said substrate is peeled off so that 
the dielectric film is transferred onto the sur- 
face of the porous metal plate, and then the 
glass is melted by heating, so that the insulat- 
ing layer is firmly adhered onto the porous 45 
metal plate. 
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